Introduction
F o r q u ite s o m e tim e , I h a v e b e e n e x p lo r in g th e su rfa ce signals o f la n g u a g e, an d T h e im p e tu s b e h in d th e w o rk s ju s t m e n tio n e d is m a in ly a n eed fo r a n a ly zin g la rg e a m o u n ts o f u n re s tricte d te x t in a w a y th a t is n o t t o o resou rce-d em a n d in g , e ith e r o n tim e o r o n c o m p u tin g p o w e r. A s a s e c o n d a r y g o a l, I h ave seen th e needs o f la rg e -s ca le in fo r m a tio n retriev a l. K e e p in g m y o rig in a l su rfa ce -o rie n ta tio n , I h a v e g o n e fu rth e r fr o m th e a n a ly sis in to p a r ts -o f-s p e e c h an d co n stitu en ts and s ta r te d t o lo o k a t th e e x tr a c tio n a n d re p resen ta tio n o f so m e k in d o f ' c o n te n t' fr o m th e su rfa ce o f te x ts , w ith o u t a n y k in d o f k n ow led g e b a se s u p p o rt. T h is m ig h t se em q u ite im p o s s ib le . M a n y o f th e o th e r p a p e rs in th is v olu m e d ea l w ith h o w u n a v a ila b le in feren ces are t o th e c o m p re h e n s io n o f te x t, and o f co u rs e th e y a re rig h t. I f th e a im is t o b u ild a c o m p u te r iz e d sy ste m th a t w ill in a n y w ay sim u la te la n g u a g e u n d e rs ta n d in g , it is n ecessa ry t o h ave a large k n o w le d g e base a n d m e ch a n ism s fo r m a k in g in feren ces fr o m it, b u t th ere are a lso a p p lica tio n s w h e re th e h u m a n k n o w le d g e a n d in fe re n cin g c a p a citie s ca n b e u sed in stea d . M y a p p r o a c h in th e e x p e r im e n t t o b e r e p o r te d here has b e en t o let ea ch o n e d o * My sincere thanks to Boris Prochaska and Sten-Erik Bergner, formerly at Ericsson Tele com, who wrote the original version of the graph drawing program that I have used, and to Howard Gayle who set me in contact with them. Sune Magnberg has done a great job in trans ferring the program to a PC environment and has also written the part of the whole system that checks for collocational pairs. I also wish to thank Benny Brodda, Kari Fraurud, and Sune Magnberg for valuable comments on earlier drafts o f this article. w h a t h e /s h e /i t is g o o d at; let th e c o m p u te r s to re , s o r t, a n d fin d fa c ts , a n d let th e h um an b e in g d o th e in fe ren cin g .
T h is is a c tu a lly th e w a y it n o rm a lly is in th e field o f in fo r m a tio n retriev a l, w h ere it is th e h um an u ser th a t (in te ra ctiv e ly , a t b e s t) d e c id e s w h e th e r s h e /h e has g o t th e d esired m a teria l. T h e p r o b le m is th en to p r o d u c e an o p tim a l b a sis fo r th a t d e cision . I h a v e s o fa r b een testin g a u to m a t ic in d e x in g o f te x ts , i. e. t o find cen tra l c o n c e p ts in te x ts a u to m a tic a lly (K ä llg r e n 1 9 8 4 c). T h is is n o t all th a t diflBcult, b u t n o t all th a t e ffe ctiv e eith er. In o r d e r t o b e c o v e r in g , th e in d e x lists w ill ea sily g ro w t o o lo n g ; i f sh o rte n e d , im p o r ta n t d e s c r ip to r s m a y d is a p p e a r.
T h is is an in sta n ce o f w h a t is k n ow n as th e c o n flic t b e tw e e n reca ll a n d p re cisio n .
Still it is clea r th a t s im p le w o rd lists ca n b e q u ite in fo r m a tiv e , th o u g h a b it b orin g . I h a v e a lso g o n e t o th e o th e r e x tr e m e a n d trie d t o a c tu a lly g e n e ra te co h e re n t a b s tra cts a u to m a tic a lly (K ä llg re n 1 9 8 8 ). T h is w o u ld ce r ta in ly b e d esira b le, an d th o u g h it is fa r away, I d o n o t th in k it is im p o ssib le .
W h a t I w ill re p o r t o n here is s o m e th in g in b e tw ee n . It is a w a y o f sh o w in g cen tral c o n c e p ts a n d th eir in te rre la tio n s in w h a t I h a v e ca lle d ' c o n te n t g r a p h s ' .
It is th en u p t o th e u ser t o in terp ret th e re la tion s a n d m a k e th e in feren ces th a t are n eed ed in o rd e r t o g e t a p ic tu r e o f th e co n te n t o f th e co n c e r n e d te x t.
In p rin cip le, it m a y b e w r o n g t o ta lk a b o u t co n te n t g ra p h s. T h e g ra p h s p ictu re ' w h a t a tex t is a b o u t ' , ra th e r th a n its c o n te n t, b u t t o ca ll th e m ' a b o u tn e s s g ra p h s' is ju s t t o o clu m sy. W h a t th ese g ra p h s a c tu a lly d o is t o g iv e a h in t a b o u t th e co n te n t o f a given t e x t, n o t a fu ll a n d tru e rep resen ta tion o f it.
G iv en th ese lim ita tio n s, th e g ra p h s still h ave th e ir ju s tific a t io n . T h e d eriv a tion o f th em fro m te x ts is an in terestin g ta sk , fo r a set o f rea son s: T h e p r o c e s s ca n b e fu lly a u to m a tiz e d . It ca n b e ru n o n u n re s tricte d te x t w ith o u t m a n u a l p re p rocessin g . T h e o u tp u t ca n o fte n b e strik in g ly a c c u r a te . It a lso seem s t o h ave s o m e in terestin g p s y ch o lin g u is tic im p lica tio n s .
Surface-Oriented Indexing and Information Retrieval
O f co u rse , differen t k in d s o f su rfa ce -o rie n te d m e th o d s h a v e b e e n u sed e x te n sively th ro u g h th e y ea rs in research o n a u to m a t ic in fo r m a tio n retrieva l. S a lto n & M c G ill (1 9 8 3 ) g iv e a b r o a d o v e rv ie w o f th e field a n d a ls o r e p o r t in te re st in g d a ta o n th e n o to r io u s ly diflScult ev a lu a tio n o f in fo r m a tio n retriev a l sy stem s.
M a n y o f th e sy stem s d e s c r ib e d m ake u se o f a d ja c e n c y a n d te rm fr e q u e n c y fe a T h e o r ig in a l in s p ira tio n fo r th is w o rk c o m e s fr o m P h illip s (1 9 8 5 ) w h ich relates t o s o m e v e ry e a r ly w o rk w ith in c o m p u ta tio n a l lin gu istics (e .g . S in clair et al.
1 9 7 0 ). M a n y o f th e id ea s s u g g e ste d a t th a t tim e w o u ld d eserv e a ren ew ed interest to d a y , w h en c o m p u ta tio n a l p o w e r as w ell as lin gu istic k n o w le d g e has in creased (t h e fo rm e r c o n s id e r a b ly m o r e th a n th e la tte r, h ow ev er). A g o o d o ld id e a th a t tu rn s u p e v e ry n ow a n d th en is th e c o n c e p t o f c o llo c a tio n . C o llo c a t io n s are w ord s th a t a p p e a r to g e th e r c o n s id e r a b ly m o r e o fte n th a n w ou ld b e e x p e c te d on p u rely s ta tis tic a l g r o u n d s . T h e y c a n e ith e r b e im m e d ia te ly a d ja ce n t o r a p p e a r w ith in a lim ite d d is ta n ce fr o m ea ch o th e r. T h is d ista n ce , in term s o f n u m b e r o f w ord s, 6an b e ca lle d a sp a n . ' C o llo c a t io n ' a n d ' s p a n ' are ba sic c o n c e p ts in m y m e th o d fo r g e n e ra tin g g ra p h s. L e m m a tiz a tio n a n d ra n k o rd e r in g , as d e s c r ib e d in step s 2 a n d 3 in th e a lg o rith m b e lo w , are a ls o w e ll-e sta b lish e d tech n iq u es.
The Algorithm
T h e m e t h o d c a n n o w b e p re sen ted in th e fo r m o f an a lg o rith m , w h ich I w ill p r o c e e d t o d e s c r ib e a n d e x e m p lify .
(1) T he ALGORITHM:
1. Eliminate all form words.
2. Lemmatize the remaining words, i. e. disregard differences at the end of words that either belong to the sets o f derivational and inflectional endings or are admissible combinations o f those.
3. Rank the lemmas in order of frequency.
4. Decide on a lowest frequency o f lemmas and exclude the lemmas below that level. The level is dependent on the length of the text and the degree of recall wanted. The lemmas above the frequency threshold form the set of INDEX words.
5. Decide on a SPAN length. The length of the span is not dependent on text length or wanted recall, but might be language dependent.
6. Find all instances where two words from the index set appear within the same span. These are the COLLOCATION AL PAIRS.
7. Find all pairs that are identical, disregarding order, as the pairs in themselves are unordered.
8. Rank the collocational pairs in order of frequency.
9. Decide on a lowest frequency of collocational pairs, based on the same principles as for the lemma frequency. Pick out all pairs above that frequency.
10. Construct ADJACENCY LISTS, i. e., for each lemma, list all other lemmas with which it forms a pair.
Use the adjacency lists as input to the GRAPH-drawing program.
A lte r n a tiv e v ersion w ith g ra p h s d ra w n b y h a n d :
10' Try to find optimal orderings of the pairs, look for central concepts that occur in many pairs.
11' Draw the GRAPH.
Implementation
T h e sy ste m has b een te ste d fo r S w edish , an d th e p r o g r a m s fo r re m o v in g fo r m w o rd s a n d le m m a tizin g co n te n t w o rd s s o fa r o n ly e x ist in S w ed ish v ersion s. T h e y are a set o f L isp p ro ce d u re s ru n n in g o n P C s . F o r th e p u r p o s e o f d e m o n s tr a tio n , I
w ill h ow ever u se an E n g lish te x t w h ere th e le m m a tiz in g has b e e n d o n e m a n u ally.
T h e fu ll E n glish te x t is g iv e n in A p p e n d ix A a n d all e x a m p le s b e lo w are taken fro m th a t te x t. A p p e n d ix B co n ta in s th ree s h o rte r S w edish te x ts a n d A p p e n d ix C th eir resp e ctiv e g ra p h s. n e cte d t o reca ll a n d p re cisio n in th e sa m e w a y as th e fr e q u e n c y lim its. R a th e r , th ere seem s t o b e an o p tim a l sp a n len g th . In cre a sin g o r d e cre a sin g th e sp a n len gth in re la tion t o th e o p tim a l le n g th w ill in c r e a s e /d e c r e a s e reca ll in th e w a y th a t w ou ld b e e x p e c te d , w h ile b o t h in cre a se a n d d e cre a se o f sp a n le n g th , in ter estin g ly e n o u g h , seem t o re d u ce p re cis io n . A n in cre a se in sp a n le n g th w ill g iv e m o re o f a ccid e n ta l a n d th e re b y u n in terestin g c o llo c a t io n s a n d a lso a h ig h er rel a tiv e freq u en cy o f su ch u n in terestin g c o llo c a t io n s a m o n g all c o llo c a t io n s a b o v e th e c r itica l th resh old th a t is t o b e set in ste p 9 o f th e a lg o rith m . A t th e sa m e tim e, in crea sed sp a n le n g th seem s t o g iv e su rp risin g ly fe w n ew ' h its ' , w h ile th e o ld h its ru n a risk o f b e in g o u tn u m b e r e d b y th e n ew a c c id e n ta l c o llo c a tio n s . A d e crea se in spcin le n g th w ill rem ov e m a n y w a n ted c o llo c a tio n s , w h ile th e re la tiv e p r o p o r tio n o f h its a m o n g th e rem a in in g c o llo c a tio n s w ill n o t in crea se. A n y v ari a tion o f th e sp a n le n g th th u s seem s t o g iv e a r e d u ce d p r o p o r tio n o f se m a n tica lly sign ifican t c o llo c a tio n s . T h is is, h ow ev er, o n ly s u b je c tiv e im p ressio n s fr o m sm a llsca le tests w ith v a ry in g sp a n len g th . S im ila r resu lts h a v e b e e n re a ch ed b y o th e rs In th e sa m p le a p p lic a tio n , th e sp a n len g th is se ttle 
H ere, th ou sa n d c o llo c a t e s w ith a cre a n d n e w , b u t n o t w ith p la n t. A c r e c o l
lo c a t e s w ith n ew a n d p la n t, n ew w ith p la n t an d y e a r , emd p la n t w ith yea r.
C o u n tr h as n o c o llo c a t io n s in th is in sta n ce . T h e in tern a l o r d e r o f th e c o llo c a tio n a l p a irs is o f n o im p o r ta n c e , s o th e stem s w ith in e a ch p a ir ^lre s tored in a lp h a b e tic a l o r d e r . T h e p a irs a re th en s o r te d a lp h a b e tic a lly a n d th e freq u en cy
o f e a ch c o llo c a t io n a l p a ir is ca lc u la te d .
T h e n e x t s te p is a g a in t o d e c id e o n a low est freq u en cy , th is tim e o f c o llo c a tio n a l pa irs. T h is d e cis io n g o v e rn s w h ich p a irs, an d c o n s e q u e n tly w h ich lem m as, a re t o b e re g a rd e d as rep re se n ta tiv e o f th e co n te n t o f th e te x t. A s th is has such g r e a t im p a c t o n th e o u t p u t , it m a y w ell b e th a t it sh o u ld b e p o s s ib le to vary th e fr e q u e n c y th r e s h o ld fo r c o llo c a t io n a l p a irs in tera ctiv ely , in o r d e r t o fa cilita te clo s e r in s p e c tio n o f in tere stin g fin d in g s. A w a y o f m a k in g exp^lnsions o f th e sets
o f le m m a s a n d re la tio n s w ill b e d e s c r ib e d b e lo w .
In (4 ) , all c o llo c a tio n a l p a irs w ith a fre q u e n cy eq u a l t o o r a b o v e 2 in th e
s a m p le te x t axe g iv e n in a lp h a b e tic a l o rd e r. I -N e w -Z e a la n d 2
T h e id e a is th a t th is c a n g iv e a m o r e o r less a c c u r a te p ictu re o f c o n c e p ts a n d re la tio n s th a t a re ce n tra l t o th e te x t, a t lea st in th e sen se th a t th e y sh ow a h ig h freq u en cy .
M o s tly , th is is su flicien t t o p r o v id e a h in t a b o u t w h a t th e te x t
is a b o u t. In s o m e ca se s th e re m a y h o w e v e r b e a n eed fo r en la rg in g th e b a sis o f th e r e p re se n ta tio n . T h is c a n b e d o n e b y s e ttin g a lo w e r m in im a l fre q u e n cy level fo r lem m a s o r c o llo c a t io n a l p a irs o r b o t h , b u t th is m ea n s re d oin g p a rts o f th e p r o c e s s in g . A b e tt e r w a y c a n b e t o u se a set o f e x p a n s io n o p e r a tio n s as defin ed b e lo w .
W it h o u t c h a n g in g th e g iv e n fr e q u e n c y levels fo r lem m a s a n d c o llo c a tio n a l p a irs, w e ca n d e riv e th e fo llo w in g sets o f c o n c e p ts a n d rela tio n s b etw ee n co n c e p ts : T h i r d e x p a n s i o n : all c o llo c a t io n s b e tw e e n s e c o n d a r y c o n c e p ts .
F o u r t h e x p a n s i o n : a ll le m m a s c o llo c a t in g w ith s e c o n d a r y c o n c e p ts .
E t c .
T h e s e c o n d a n d fo u r th (g e n e ra lly : all e v e n ) e x p a n sio n s are ' o p e n in g ' e x p a n sion s, as th e y b r in g in n ew c o n c e p ts . T h e first a n d th ird (^lnd all o d d ) e x p a n sio n s are ' c lo s in g ' , as th e y e sta b lish rela tio n s b etw ee n e x is tin g c o n c e p ts a n d m a k e th e c o r r e s p o n d in g g ra p h m o re clo s e ly k n it.
In (6 ) 
w o rd s (s e c o n d e x p a n s io n ). T o c o n s tr u c t all in te rrela tion s
betw een all th o s e item s w o u ld in its tu rn g iv e th e th ird e x p a n sio n .
F rom (6 ) w e ca n a lso see th a t a n o th e r ch a r a c te r is tic o f th e c o llo c a tio n s is New.Zealand tast B o t h (4 ) a n d (6 ) c a n , as sa id b e fo r e , g iv e hin ts a b o u t th e co n te n t o f te x ts if th e lists a re in te r p r e te d b y a n o r m a lly in v e n tiv e h u m an b e in g . A g ra p h ic repre se n ta tio n o f th e sa m e fa c ts seem s, h ow ev er, t o b e m o re strik in g a n d t o fa cilita te g ra p h th eory, a n d g e n era l c o m b in a tio n o f in ven tiven ess a n d p a tie n ce , m a d e th e j o b o f tr a n s p o r tin g th e ' p o r t a b le ' L isp p o ssib le .
T h e resu lt o f all th is is a g r a p h ic re p re se n ta tio n o f th e le m m a s a n d re la tio n s th a t have a h igh fre q u e n cy in a g iv en te x t a n d , fo r th a t rea son , ca n b e a ssu m ed
Concluding Remarks
T h e s e g ra p h s s u p p o r t in p r in cip le th e sa m e in fe ren ce s as d id th e lists o f p a irs, b u t in a n ea ter way. T h e k in d o f re la tio n s th a t are sig n a lled b y th e a rcs varies co n sid e ra b ly a n d is left t o th e h u m an u ser t o gu ess-a t th e risk o f m a k in g m istakes.
A v e ry n a tu ra l q u e s tio n t o ask is w h eth er all th is a p p a ra tu s giv es a n y th in g m o re th a n w o u ld a sim p le list o f h ig h -fr e q u e n c y w o rd s. as h ig h ly ce n tra l, w h ile th e d e s c r ip tio n s g reen a n d fle s h are sh ow n t o b e s o m e w h a t less cen tra l. T h e p u re fre q u e n cy sta tis tics , h ow ev e r, has it th a t sh ip / p in g, C h in e s e , a n d lem o n are q u ite as im p o r ta n t as m a r k e t a n d v in e . B u t th e a rticle c o n n e c tio n w ith in fo rm a tio n retrieval. T h e id e a is s o m e th in g like th is: T h e u ser sits a t a term in a l a n d ty p e s in a sea rch q u e s tio n , eith e r in n a tu ra l la n g u a g e , N e x t, o n e se le cte d g ra p h a t a tim e w ill b e sh o w n o n th e screen a n d th e user can c h o o s e i f s h e /h e w a n ts t o h a v e th e fu ll te x t. In d o u b tfu l ca se s it m a y b e p ossib le t o g e t o n e o r m o r e o f th e e x p a n sio n s in o r d e r t o g et a b r o a d e r basis fo r decision s.
T h e sea rch c a n a ls o b e c a rrie d o u t in su ch a w a y th a t g ra p h s th a t are ju d g e d as relevan t c a n b e u sed fo r d e r iv in g n ew , c o n jo in e d gra p h s.
I f th e se id e a s ca n b e d e v e lo p e d t o w o rk w ell, th e p r a c tic a l usefulness o f the c o n te n t g ra p h s is clea r, b u t a m o n g th e m o st th rillin g q u e stion s are w h y th e m e t h o d w o rk s w h en it w ork s, a n d w h y it d o e s n 't w ork w h en it d o e s n 't. T h is is as y e t fa r fr o m clea r.
Thirty years ago, growing up in New Zealand, I often sliced into a brown berry that looked like a duck's egg in a bristly hair skirt. Repulsive? Not really, for I knew a secret: The berry's odd ap]>earance disguised an equally exotic interior, a sunburst of neat white streaks radiating from a creamcolored core, past tiny black seeds and into shimmering green flesh (above). Sweet-tart in taste, it seemed a succulent blend of strawberry, banana, melon, and pineapple flavors. Delicious! I loved the kiwifruit.
I stiU do, and today this peculiar product of a woody vine is captivating palates outside New Zealand at an extraordinary pace. In 1986 more than a billion kiwifruit, once called Chinese gooseberries, were tucked into trays and shipped to at least 30 nations. Thousands of acres axe newly planted each yecir in a dozen or more countries, including the United States, France, Japan, and Italy, the leading producers after New Zealand.
This universal success has uniquely New Zealand roots. The kiwifruit's conversion to a commercial crop occurred in New Zealand, and its name-coined in the 1950s as a marketing tactic-conjures up both that likable country and its whimsical, flightless native bird, renowned for oversize eggs and hairlike brown feathers. Moreover, exports of the fuzzy, four-ounce berry are increasingly important to New Zealand's economy and the creator o f more millionaires than anything else in my homeleind's history.
The only fruit with such bright green flesh, the kiwifruit is one of just a handful of food plants domesticated within the past thousand years. Originating in the Yangtze Valley, it has long been a favorite of the Chinese, glorified in poetry as early as the eight century. Chinese peasants stiU gather the wild fruit for sale in rural markets.
The transformation of a small, hard, and wild Chinese berry into fleshier, tastier ki wifruit began about 1904, when a traveler returned from a China visit with seeds for Alexander Allison, a nurseryman on New Zealand's North Island. In the following three decades he and other gardeners developed superior kiwifruit vines through careful se lection, pruning, and grafting. Most of these early fcinciers were as much interested in the vine's showy white blossoms and attractive fan-shaped leaves as in its berries.
Kiwifruit farming got its commercial start in the 1930s, most successfully at Te Puke on the North Island's east coast. The late James MacLoughlin became the father of the modern kiwifruit-and ultimately a millionaire-by chance.
After he lost his job as a shipping clerk during the Great Depression, Jim's wife's aunt invited them to stay on her lemon orchard at Te Puke. "Later the bottom fell out of the lemon market," he told me, " but a neighbor sold the kiwifruit from a single plant for five pounds (then worth about $20 U.S.). To me that was a lot o f money, so I risked putting in half an acre o f them."
Luckily for MacLoughlin, the warm, wet climate and volcanic soil at Te Puke favored his vines. Neighbors soon launched their own commercial orchards, which further expanded during World War II when GIs stationed in New Zealand developed a taste for kiwifruit.
Then chance intervened again. In 1952 an English fruit importer ordered a shipment of New Zealand lemons. "To fill spare space in the ship, we included ten cases of Det är också viktigt att du får rätt sorts batteri och inte ett som är avsett för fotoar tiklar eller hörapparater. Då gäller inte garantin som de flesta tillverkare av urbatterier ger.
På de flesta klockor måste boetten öppnas vid batteribyte. Då fordras specialverktyg och stor försiktighet för att inte elektroniken ska ta skada. Och det är viktigt att boetten sluter ordentligt tätt efter batteribytet.
Det är ett axbete du ska överlåta till en fackman.
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